NUCLEAR MAGNETIC RELAXATION AND SELF DIFFUSION IN SOME LIQUID CRYSTALS SHOWING SMECTIC POLYMORPHISM
1. Introduction. - Recently, we have studied nuclear magnetic relaxation together with both impurity and self diffusion in p-dodecanoylbenzylidene-p'-aminoazobenzene which shows one nematic and various smectic phases [l, 21. Since these results were not sufficient to clarify the general behaviour of magnetic relaxation and self diffusion in substances showing smectic polymorphism we report here on investigations done in two somewhat different substances of this kind, namely ethyl p -(p -ethoxybenzylidene) -amino cinnamate (EBAC) and terephtal-bis(-p-butylaniline) (TBBA).
The latter is also interesting since we can compare our results with those obtained by NMR at other frequencies [3, 41 and by neutron scattering [5] .
2. Experimental. -All our experiments were done by first heating the sample to the isotropic range, then cooling it down to the nematjc regime were it was allowed to stay for some time in order to get the molecules oriented in the magnetic field. This initial orientation of the molecules in the sample was then kept for all the measurements.
The Zeeman relaxation time T I , was measured at 15 MHz in the usual way, the dipolar relaxation time T I , with a 90~-2-45$,0-t-45~ pulse sequence [7] . In these measurements the temperature of the sample was controlled to better than f 0.05 K, and the temperature gradient over the sample was less than f 0.01 K.
The errors on T I , and TI, are estimated to be +_ 5 % and rt: 10 % respectively.
The self diffusion coefficients were measured by two pulse proton spin echo at 48 MHz. In the smectic phases the sample was oriented to the magic angle and the pulsed field gradient of up to 1.2 kOe/cm was applied either parallel or perpendicular with respect to this direction. Thus the two diffusion coefficients, parallel (Dil) and perpendicular (Dl) with respect to the orientation of the molecular director could be measured. Our measuring accuracy is typically' f 10 % for both DIl and D, in smectic A phases. In the smectic C phase of TBBA we have an approximate error of f 20 % and in the smectic B phase f 30 %. This is due to the shorter value of T, in C and B phases even at the magic angle orientation. In this case the temperature was only regulated to f 0.4 K and the absolute accuracy was f 2 K. is small at the N to A and at the A to C transition and much larger at the C to H and H to VI transitions in TBBA and, for l/TiD, at the A to B transition in EBAC.
In EBAC both relaxation rates show similar angular dependence in the smectic A and the smectic B phase (Fig. 3) . In TBBA the angular dependence in smectic A is similar to that in EBAC. In smectic C, however, the angular dependence is smaller at low temperature. This is even more pronounced for 1/TID (Fig. 4 ). [5] , they are in fair agreement with NMR data obtained by a multipulse sequence in the smectic C phase [3] . In the smectic A phase, however, we are at variance with the multipulse technique data [3] . At the smectic A to B transition in EBAC we find a discontinuity of one order of magnitude of both Dll and D,.
4.
Discussion. -4.1 NEMATIC PHASE. -AS already mentioned, the Zeeman and dipolar relaxation in TBBA show opposite slopes as a function of temperature. According to [4] the slow decrease in l/Tlz with increasing l / T is most probably due to a mechanislh in which fluctuation of the nematic order is predominant. This is probably also true for both T I , and TID in EBAC. The behaviour of TID in TBBA on the other hand is not incompatible with relaxation by diffusion. However more complicated mechanisms involving cybotactic smectic clusters in the nematic phase could also be present. These could provide slow motions effective in relaxing the dipolar energy.
4.2 SMECTIC A AND C PHASES. -Since we find that Di, corresponds to DL in these phases in both EBAC and TBBA we assume that the diffusion inside the smectic A and C planes is more liquid'like than that out of the planes. Therefore we obtain for the ratio of the diffusion coefficients : s. At 15 MHz, where our relaxation times were measured, we have a-' x lo-' s. Therefore the diffusion must contribute to the relaxation. We interpret the minimum in the l/Tlz and l/TfD curves in the smectic A phase of TBBA as originating from a competition between order fluctuation and self diffusion mechanism, the last being predominant at low temperature. Further evidence for this is given by : 1) the discontinuities of the relaxation rates and Dll, at the A to C phase transition in TBBA, which are about equal and go in the same direction and 2) the activation energies of l/TID at the low temperature side of the smectic C phase of TBBA and smectic A phase of EBAC which lie within the activation energies of DII and D, in the same phases.
The angular dependence of l/Tlz is compatible with a mechanism of the type difSusion induced orderfluctuation relaxation [4] , that of l/TID, however, does not show the typical behaviour associated with that mechanism. In the smectic C phase the angular variations of l/Tlz and l/TID are smoothed by decreasing the temperature. This, most probably, reflects the ability of the molecules to partially follow the field direction by turning along a cone generator while keeping the tilt angle constant. This capability of the molecular director to follow the field will evidently increase with increase of the tilt angle (decrease of the temperature). Such a behaviour was also considered in reference [8] to explain the angular dependence of the free induction decay in smectic C phases.
SMECTIC B AND H PHASES.
-In contrast to the smectic A and C phases we think that the diffusion which corresponds to the T : observed in the free inducprocess inside the smectic B planes of EBAC is a jump tion decay. Since the behaviour of l/TID in the smectic process with jump lengths of theorder of the molecular H phase of TBBA is very similar we assume that it is diameter. Therefore, in this case the pseudolattice also due to the diffusion process, though we were not model of R. Blinc et al. [3] can be applied which gives : able to measure the diffusion coefficients in that phase.
For both EBAC and TBBA the Zeeman behaviour is D
probably a mixture of diffusion and chain rotation at DL d the low temperature side.
In fact, now the difference of activation energies is small and exp[-(Ell -EJRT] is no longer so small as before but rather close to unity. With l/d w 5 we arrive at Dl, E DL, which is in fact what we observe (Fig. 5) . The relaxation mechanism of l/TID seems to be diffusion because we have similar activation energies for l/Tl, and the diffusion coefficients in the temperature region where these have been measured. This assumption is also supported by two other facts. First the discontinuity of 1/TID and of the diffusion coefficients at the A to B phase transition of EBAC are about equal and go in the same direction, second if we extrapolate the activation law of Dll to the temperature where the maximum of l/TID occurs and assume a jump length of about 30 A we get z,, E 3 x s 4.4 Low TEMPERATURE PHASES. -In phase VI of TBBA l/TID shows a very large activation energy (45.7 kcal/mole). This can be due either to a rotation of the benzene rings [12] or to a diffusion in a solid like structure. l/Tlz may again be due to chain rotation. The relaxation mechanisms in phases VII of TBBA and V of EBAC are not clear, we can state, however, that there'is a strong contribution of slow motions to l/TID in both cases, whereas TBBA must have rather fast motions contributing to l/Tlz (e. g. CH,-rotation).
